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368a Monday, February 27, 2012recently, structures of the dynein motor domain have been reported at 5-6 A˚
resolution, which have provided invaluable information at the secondary struc-
ture level. However, a higher resolution analysis is required to reveal complete
atomic structure of the motor domain.
Here we report the crystal structure of the 380-kDa motor domain of Dictyoste-
lium cytoplasmic dynein at 2.8 A˚ resolution. This atomic structure shows details
of functional units constituting the motor domain, such as the ATP-hydrolyzing
ring composed of six AAAþmodules, the long coiled-coil microtubule-binding
stalk, and the force-generating rod-like linker. Our analysis visualizes four ADP
molecules bound to the first four AAAþmodules of the ring, amongwhich three
are active ATP hydrolysis site and one is a unique ADP/ATP binding site. The
structure also uncovers how the linker and stalk interact with the ring unit, which
should be critical for dynein’s motor activity. This long sought atomic structure
will open up new avenues for investigating and understanding how dynein pro-
duces force and movement.
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Intrinsic Disorder in the Kinesin Superfamily
Mark Seeger, Yongbo Zhang, Sarah Rice.
Northwestern University, Chicago, IL, USA.
The C-terminus of conventional kinesin (Kif5B) has long been referred to in the
literature as the globular tail. In this work we show that this domain is in fact
intrinsically disordered. The unfolded structure of the tail domain is revealed
via in silico prediction methods, and CD and NMR spectroscopies. It has
been well established that a diverse collection of cargos bind exclusively to
the tail domain of Kif5B, and being natively unstructured would allow the
tail to sample a variety of conformations in order to accommodate these various
binding-partners. Expanding the in silico prediction methods to include all
members of the human kineisn superfamily, we find that significant regions
of intrinsic disorder are found in the motor or stalk or tail domains of every hu-
man kinesin. These regions contain little to no sequence conservation between
different molecules, vary in length and net charge, and appear to serve a variety
of purposes including structural flexibility and facilitating ligand binding and
post-translational modifications. Thus, intrinsic disorder appears to be a struc-
tural feature that is important for various aspects of kinesin biology.
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The Length of the Neck Linker Domain Controls Processivity Across
Diverse N-Terminal Kinesin Families
William O. Hancock, Shankar Shastry.
Pennsylvania State University, University Park, PA, USA.
Consistent with their diverse intracellular roles, the processivity of N-terminal
kinesin motors varies considerably between different families. Gating mecha-
nisms that control kinesin processivity involve inter-head tension that must
be transmitted through the neck linker domains of each head. The objective
of this study is to determine the degree to which unloaded processivity is con-
trolled by the length of the neck linker, as opposed to kinetic differences in the
core motor domains. The motor and neck linker domains of Kinesin-2, 3, 5 and
7 were fused to the neck-coil and rod domains of Kinesin-1 and run lengths of
GFP-tagged motors visualized by total internal fluorescence microscopy. When
the neck linkers were shortened to the 14 amino acids found in Kinesin-1, all
motors had similar run lengths, and when the neck linkers were extended the
run lengths fell. These results suggest that inter-head tension, which is regu-
lated by the mechanical properties of the neck linker, controls processivity in
a conserved manner across diverse kinesins. Monte Carlo modeling of the ki-
nesin hydrolysis cycle conclude that the results can be quantitatively accounted
for by differences in either front head or rear head gating.
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Mechanism of Kinesin-13 Binding to Microtubules as Revealed by Single
Molecule Fluorescence Polarization Microscopy
Chandrima Chatterjee, Ana B. Asenjo, Vania M. De Paoli,
Hernando J. Sosa.
Albert Einstein College of Medicine, Bronx, NY, USA.
The kinesin superfamily of motor proteins are involved in diverse cellular pro-
cesses, including intracellular organelle transport, cell division and cytoskeletal
dynamics. The widely studied conventional kinesin (or kinesin-1) translocates
along the microtubule (MT) by utilizing the energy generated from ATP hydro-
lysis. In contrast, members of the Kinesin-13 family do not walk along the MT
lattice, but use their catalytic core to rapidly target microtubule ends by the pro-
cess of one-dimensional diffusion (ODD) and promote depolymerization upon
reaching there. However, the reason for such a significant difference in the be-
havior of the structurally conserved motor domain is not clearly understood. In
order to reveal the mechanistic details of the kinesin-13 action, fluorescence po-
larization microscopy (FPM) has been employed to probe the configuration andmobility of BSR-labeled KLP10A (Drosophila m. Kinesin-13) molecules
interacting with microtubules in the presence of different nucleotides. Experi-
ments are being performed with KLP10A constructs of variable lengths to iden-
tify the potent mediators of diffusive motility. Preliminary results emerging
from single-molecule FPM measurements have suggested that the motor core
itself can undergo ODD without the assistance from the positively-charged
neck domain. In addition, data acquired at both ensemble and single-
molecule levels have revealed that the orientation of the KLP10A molecule
relative to the MT filament is altered by mutating the crucial residues in the
tubulin-binding sites on the motor domain. The structural and functional infor-
mation extracted from analyses of our experimental findings will be discussed
in details.
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In the cell, microtubules spread throughout the cytoplasm, creating an intracel-
lular highway system, with plus ends pointing towards the periphery. Kinesin-1
uses energy derived from ATP hydrolysis to walk towards microtubule plus
ends to deliver cargoes, such as organelles or mRNA to the cell periphery. Mul-
tiple motors often work together to transport a single cargo. Transport proper-
ties of both single kinesin motors and single cargoes carried by multiple motors
have been characterized. However, these studies are typically done in dilute
conditions that do not accurately represent the cellular environment, where
crowding or motor exchange on cargoes can occur. To address crowding and
motor exchange, we use quantum dots, known to spontaneously bind
kinesin-1, as cargo in our experiments and high concentrations of kinesin-1
to mimic crowded conditions on microtubules. Our system allows cargoes to
self-assemble with exchanging kinesin-1 motors as the cargo is transported. Us-
ing Total Internal Reflection Fluorescence (TIRF) Microscopy, we tracked in-
dividual cargoes over a wide range of kinesin-1 concentrations to mimic
varying degrees of crowded conditions. We found that while the velocity of
cargoes decreased as conditions became more crowded, the run length and total
association time of cargoes increased. We observed that cargoes paused more
frequently in crowded conditions. Interestingly, we also observed cargo rever-
sal events during runs, which were more likely to occur in crowded conditions.
We believe these reversals occur when multiple motors are bound to a single
cargo. If the leading motor is stretched and under strain, if it detaches, the cargo
will rock backwards. Using coarse-grained Brownian dynamics simulations
combined with model convolution microscopy, we can recapitulate velocity re-
duction, increased pausing, and reversals in silico.
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Jing Xu1, Babu Reddy2, Preetha Anand2, Zhangyong Shu2, Silvia Cermelli2,
Michelle Mattson2, Suvranta Tripathy2, Matthew Hoss2, Nikita James2,
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Kinesin-1 is a plus-end microtubule-based motor, and defects in kinesin-based
transport are linked to diseases including neurodegeneration. Kinesin can
auto-inhibit via a direct head-tail interaction, but is believed to be active other-
wise. Here we report a tail-independent inactivation of kinesin, reversible
by the disease-relevant signaling protein, casein kinase 2 (CK2). The majority
of initially active kinesin (native or tail-less) loses its ability to bind/interact
with microtubules in vitro, and CK2 reverses this inactivation (~ 4-fold)
without altering kinesin’s single motor properties. This activation pathway
does not require motor phosphorylation, and is independent of head-tail auto-
inhibition. In cultured mammalian cells, reducing CK2 expression, but not
kinase activity, decreases the force required to stall lipid droplet transport, con-
sistent with a reduction in the number of active motors. These results provide
the first direct evidence of a protein kinase up-regulating kinesin-based trans-
port, and suggest a novel pathway for regulating the activity of cargo-bound
kinesin.
1870-Pos Board B640
The Relationship of Motor Attachment Geometry and Velocity Fluctua-
tions in Kinesin-Microtubule Gliding Motility Assays
Emmanuel L. Dumont, Andrew Ghazi, Henry Hess.
Columbia University, New York, NY, USA.
In gliding motility assays, surface-adhered motor proteins bind to the gliding
filaments in a variety of orientations. The resulting variations in the angle of
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turn results in fluctuations of the gliding velocity as shown theoretically by Se-
kimoto and Tawada [1]. The theory establishes a relationship between the mo-
tional diffusion coefficient, the gliding velocity, the motor density, and a factor
capturing the angular variations in the motor attachment. We present measure-
ments of the motional diffusion coefficient for microtubules gliding on full-
length kinesin-1 with known surface density. Measurements at varying ATP
concentrations and kinesin surface densities enable, for the first time, measure-
ments of the geometry factor. The implications of these measurements for the
underlying motor attachment geometry as well as the efficiency of force gen-
eration by coupled motors will be discussed.
1. Sekimoto, K.; Tawada, K. Phys Rev Lett 1995, 75, (1), 180-183.
1871-Pos Board B641
Novel Optical Trapping Methodology Reveals Cooperative Function of
Kinesin Motors on Cellular Organelles
Pradeep Kumar Barak, Ashim Rai, Roop Mallik.
Tata Institute of Fundamental Research, Mumbai, India.
Optical trap force measurements give a precise readout of how motor proteins
function against a calibrated load. To understand how motors work inside cells,
optical trapping must be extended to motors transporting real cellular organ-
elles. However, the size of organelles in a cell is variable and unknown. To
date, it has not been possible to precisely calculate the force exerted by an op-
tical trap on single cellular organelles.
We have reconstituted robust kinesin-driven in vitro motility of lipid droplets in
a cell extract of mammalian liver. A new method of optical trapping is then
used to calibrate the optical trap precisely for every single lipid droplet, irre-
spective of its size. We have measured and analyzed the cooperative function
of multiple endogenously assembled kinesins against a calibrated load-force
with precision and spatio-temporal resolution comparable to kinesin-coated
beads.
Our method of force measurement makes accessible for experimental scrutiny
a whole new range of physiologically important questions: How much force do
motors exert on cellular cargoes? How are motors assembled on the cargo
membrane? What is the emergent function of such motor-assemblies? Do mul-
tiple motors compete or cooperate? How do motor-associated regulatory pro-
teins fine tune this process? How does emergent function of kinesins differ
from dyneins? Our work will answer some of these questions.
Finally, our method of force measurement provides for the first time an ability
to biophysically interrogate how motors may regulate storage and lipolysis of
cytosolic fat in mammals. This may further our understanding of diseases re-
lated to (mis)management of fat.
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Nanometer Precision in Filament Localization allows for Precise Off-Axis
Tracking of Molecular Motors
Felix Ruhnow1,2, David Zwicker3, Stefan Diez1,2.
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Measuring the exact path of molecular motors, such as cytoskeletal motor pro-
teins, on their tracks has proven to be difficult without knowing the precise lo-
cation of the filaments. Up to now, off-axis stepping has therefore mostly been
inferred from the tracked positions of the motors with respect to the fitted path
of the motors instead of determining the filament centerline. Obviously, this
limits the precision of the measurements and may lead to errors due to the
sometimes complex three-dimensional structure of the filaments. We devel-
oped a filament tracking algorithm to determine the centerline position of fluo-
rescently labeled filaments with nanometer precision. This allowed us to
observe the non-parallel movement of kinesin-1 motors with respect to the mi-
crotubule centerline, which is consistent with kinesin-1 following a protofila-
ment of a supertwisted microtubule. Combined with methods to measure
nanometer heights above substrate surfaces, such as fluorescence interference
contrast or parallax, our algorithm presents a promising tool for optical 3D-
nanometry.
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Kinesin-1 is autoinhibited at physiological salt concentrations through an inhib-
itory interaction of C-terminal tail domains with the N-terminal motor (head)
domains. This interaction of heads with the tail is highly dependent on the ionic
strength, with high ionic strength strongly favoring dissociation. Unexpectedlythe binding stoichiometry is one tail peptide binding to the two heads of a motor
domain dimer, as originally indicated by biochemical titrations and recently
confirmed by the determination of the structure of a head dimer - tail complex
by X-ray crystallography (Kaan, et al., Science 333, 832 (2011)). A short region
of the tail centered on lysine-944 (the IAK region) is sufficient for binding of
a single tail to two heads. However, the binding affinity of this short region
on its own is low. Tight binding of the tail to the heads requires the inclusion
of an adjacent region with a large excess of positive charge. This positive re-
gion is designated the auxiliary binding site (ABS) because it is also responsi-
ble for the nucleotide-independent binding to the tail to microtubules. Kinesin
motor domains have several negatively charged side chains near where the
heads are cross linked by the tail domain. Mutation of these negative head res-
idues to Ala decreases the affinity for heads of tail domains that contain both the
ABS and the IAK region. This suggests that the increased affinity produced by
the ABS region is due to interactions with these negative regions of the heads.
Supported by NIH grant NS058848.
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Biochemical Characterization of the Rice Kinesin O12 and N14 Belonging
to Kinesin-14 Family
Nozomi Umezu1, Kazunori Kondo1, Toshiaki Mitsui2, Shinsaku Maruta1.
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Kinesin is an ATP driven motor protein that plays important physiological roles
in intracellular transport, mitosis and meiosis, control of microtubule dynamics
and signal transduction. Kinesins derived from vertebrate have been well stud-
ied on their characterization. However, not so many studies for kinesins of
plants have been done yet. Recently, the genome sequences of rice were com-
pleted. Bioinformatics analyses revealed that at least 41 kinesin-related pro-
teins were encoded on the rice genome. In this study, we focused on the two
rice kinesins; O12 and N14 that belong to kinesin-14 family. Previously, we
have expressed the novel rice kinesin O12 by E.coli. Biochemical studies of
the O12 motor domain demonstrated that O12 has very unique properties,
which may reflect the plant specific physiological role. We have also succeeded
to express another rice specific kinesins N14. O12 is the C-terminal motor do-
main. On the other hand, the motor domains of N14 are found at the central re-
gion in the primary structure. The biochemical characterizations of the kinesin
N14 motor were studied. ATPase activities and interaction with fluorescent
ATP analogues, NBD-ATP were analyzed and compared with other rice kine-
sins and conventional mouse kinesin. Interestingly, microtubule-dependent
steady state ATPase activity of N14 motor domain was extremely lower than
that of other kinesins. Kinetic analyses using stopped-flow also demonstrated
that ATP binding to N14 in the presence of microtubule was extremely slow
in comparison with other kinesins. It is suggested that the rice kinesin N14
may have unique enzymatic properties that are obviously different from O12.
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A Universal Pathway for Kinesin Stepping
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Kinesin-1 is a processive motor that transports cargo along microtubules by hy-
drolyzing ATP in a tightly regulated stepping cycle. Efficient gating mecha-
nisms ensure that the sequence of kinetic events proceeds in proper order,
generating a large number of successive reaction cycles. To study gating, we
created two mutant constructs with extended neck linkers and measured their
properties using both single-molecule optical trapping and ensemble fluores-
cence techniques. Due to a reduction in the inter-head tension, the constructs
can access an otherwise rarely populated conformational state where both mo-
tor heads remain bound to the microtubule. ATP-dependent, processive back-
stepping and futile hydrolysis were observed under moderate hindering
loads. Based on measurements, we formulated a comprehensive model for ki-
nesin motion that incorporates reaction pathways for both forward and back-
ward stepping. In addition to intramolecular strain, we find that neck-linker
orientation is also responsible for ensuring gating in kinesin-1.
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Neha Kaul, Virupakshi Soppina, Kristen J. Verhey, Edgar Meyhofer.
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Kinesin-1 is a processive, plus end-directed motor that is a major component of
microtubule-based intracellular transport. It has been previously shown through
in vivo studies that kinesin-1 preferentially translocates along certain subsets of
